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Q SYNTHESIS ARD CBARACTERIZATIOR OF A DIMERIC TRIS(ARSINO)GALLANE
( CONTAIRIBG A NOBNPLANAR (Gl-l!)z RING: CRYSTAL STRUCTURE OF
".v '
ij‘ ([(He381052)zls]3ca}2

RICHARD L. WELLS®, ANDREW P, PURDY, KELVIN T. HIGA, ANDREW T. McPHAIL, and

= COLIN G. PITT®
k.
L)

a .

' Department of Chemistry, Paul M. Gross Chemical Laboratory, Duke University,
-’

- Durham, NC 27706 (U.S.A.)
f Summary

%

.} The dimer {[(MeBSiCHZ)ZAs]3Ga}2, only the second tris(arsino)gallane to
1 be completely characterized, has been prepared from the reaction of
? (Me381CH2)2AsLi with GaC13; X-ray crystallographic analysis shows it to be
*a
13 the first example of a compound containing a distinctly nonplanar
7. four-membered ring of alternating four-coordinate Ga and As atoms.
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: Recently, we applied two new synthetic methods to the preparation of
W)
§$' ) compounds containing a gallium-arsenic bond, yiz,, dehalosilylation between
W .
bn a silylarsine and a halogallane [1], and coupling using a 1ithium arsenide
‘W

‘ and a chlorogallane [2]. Among the compounds prepared by both methods is
)
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Dedicated to Professor G. E. Coates on the occasion of his 70th birthday.
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j:. the first example of a tris(arsino)gallane, monomeric (Heszka)3ca. which
v
" X-ray analysis [2) has shown to contain three-coordinate gallium and
A
'_: arsenic. Subsequently, (Butzls)30a was reported by others, but data for a
!, _ erystal structure were not obtainable [3]. We now report the structure of a
," second tris(arsino)gallane, dimeric [(MessicHZ)ZAs]3Ga (1), prepared by the
N
"_j: lithium arsenide method. Interestingly, as noted previously, the reaction
] of (Me SICH,) AsSiMe, with GaCl, did not yield 1 [1]). Compound 1 has a
: solid state structure containing a distinctly nonplanar four-membered ring
o}
_* of alternating four-coordinate Ga and As atoms. This form contrasts with
: the planar, centrosymmetric (Ga-As)2 units in [(Me381CH2)2AsGaPh2]2 (2)
. [4), the first dimeric mono(arsino)gallane for which the structure was
- reported, and in (Buf'ZAsGaMez)2 (3) [3], and the nearly planar unit in
) (ButZAsGaBunz)z (8) [3), but is similar to, although less puckered than,
y the novel nonplanar (Ga-S)2 form found in (PriSGalz)z which contains two
; four-coordinate Ga atoms and two three-coordinate S atoms [5].
»
R2As Ga(Ast)2 R2As———GaR'2
:: (R_A AsR R' AsR
, 2 s)ZGa SR, 2Ga sk,

- - ! -
- 1 R= Me381CH2 2 R= He3SiCH2, R' = Ph [4)
- 3 R=Bub, R' = Me [3]
- a R=pmub, R = B [3)
¥
4
] A suspension of (He381CH2)2AsL1 [6] (2.03 g, 7.9 mmol) in hexane when
.,': added [7] to a hexane solution of GaC13 (0.46 g, 2.6 mmol) at -78 °C gave,
[ after 18 h at room temperature, a brown mixture which, following filtration
“»
z and solvent removal, redissolved in hexane. Crystallization (-78 °C) and
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1
‘- cold filtration, followed by solvent removal, recrystallization, hexane
". washings, and drying in vacuo afforded ([(ne351cnz)2u]3m}2 (1) as a pale
,": yellow solid (0.46 g, 22% yield) m.p 71-149 °C (dec.) [8]. Crystals
': . suitable for an X-ray structure determination were grown from a c6F6
‘_:: solution [9].
1;: Crystals of 1 comprise discrete centrosymmetrically-related dimers
-:: having the structure illustrated in Figure 1. Several features of this
:‘ dimer attest to its highly strained nature. Thus, the Ga-Ast-Ga'-Asi' ring,
: vith a dihedral angle of 13.6° [ya. 36.7(2)° in the (Ga-S), ring of
& (PrisGaIZ)zl between the As1-Ga-As1' and Ast-Ga'=As1' planes (mean
endocyclic dihedral angle about the ring bonds = 10.2°) is, as shown in
: Figure 2, distinctly non-planar. Two of the ring bonds, Ga-Asi' and
'-: Ga'=-As1' at 2.540(1) R, are equal and significantly shorter than the other
\ pair, 2.559(1) and 2.581(1) R, of which the latter is the longest distance
\ yet reported for such a bond and contrasts with the corresponding longest
.:: values of 2.530(1), 2.558(1), 2.557(3), and 2.553(1) R, respectively, for
..j four-coordinate Ga in dimers 2, 3, and &, and the unusual
}: [(PhAsH)(RZGa)(PhAs)e’(RGa)n] (R = Me3SICH2) cluster [10). All of the ring
:';: bonds of 1 are longer than the mean of the essentially equal exocyclic
\7 Ga-As bonded distances to three-coordinate As atoms, which, at 2.475 R, is
j slightly shorter than the mean Ga-As diatance for trigonal planar Ga in
1 " monomeric (Meszls)3ca. The mean ring bond angles in 1 (84.81° at Ga,
. 95.30° at As) are similar to those encountered in dimers 2, 3, and &
}g (range: 84.31-85.08° at Ga; 94.92-95.69° at As), but the exocyclic As-Ga-As
'!. angles involving the three-coordinate As atoms [122.37(5), 113.68(5)°]
: differ significantly in response to the different intramoleculsar
'Z‘.: interactions involving substituents at each of the Ga centers.
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Corresponding exocyclic C-As-C angles show much less variation [103.0(4),
10#.7(M)°] indicating the greater resistance of the As centers to bond angle
deformation.

Based on the cryoscopic molecular weight, 1 remains intact as a dimer in
solution at low temperatures. It appears, however, the dimer is fluxional
in solution [the fluxional properties of a dimeric bis(arsino)gallane have
been reported] [1] , as indicated by broadening and eventual coalescence of
13C NMR signals as the temperature is increased. Also, compound 1 is
thermally unstable in solution at ambient temperatures and above, and slowly

decomposes to the diarsine [(He381CH2)2As]2 [1] and unknown products.
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6 (He381CH2)2AsLi was produced by the reaction of (Me

3SiCH2)2AsH [4] and

BunLi in hexane for 2 days at 60 °C, and isolated as an off-white powder.

7 All manipulations were performed under a dry nitrogen atmosphere.

8 Found: C, 35.34; H, 8.29%; mol. wt., 1582 + 65 (cryoacopic, 0.268 g in

12.22 g cyclohexane). Cu8H132A=6Ga28112 caled.: C, 35.25; H, 8.13%;
1

mol. wt., 1636. 'H NMR (300 MHz) (€D, 21 °c): 6 0.32 (s, exo-Me_Si),

3
0.37 (s, endo-Me S1), 1.32 and 1.79 (AB pattern, 23y 13-8 Hz, gxo0-CH,),
1.71 (endo~CH,); '3c{H) NMR (75.4 Mhz) (CgDg, 21 °C): & 0.98 (s, exo-
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n8H132‘36GaZSi12 (1), M = 1635.59, triclinic, space group
BT, a 15.050(3), b 25.417(8), ¢ 12.621(4) &, o 93.73(3), 8 110.68(2),

v 77.00(2)°, U 4400.5 82, 2 = 2, D 1.234 g ea”, L(Cu-k radiation) =
50.7 cm-1. The crystal structure was solved by direct methods. Full-
matrix least-squares refinement of atomic positional and thermal
parameters (anisotropic As, C, Ga, Si; fixed methylene H contributions)
converged to R = 0.064 [BH = 0.097; ¥ = 1/02(1205)] over 8504
absorption-corrected reflections [1I > 3.05(1)] recorded on an Enraf-
Nonius CAD-Y§ diffractometer (Cu-xa radiation, X = 1.5418 R; incident-
beam graphite monochromator; w-26 scans, emax = 57°). Tables of
coordinates, bond lengths and ahgles, thermal parameters, torsion
angles, and observed and calculated structure amplitudes are available
from the authors (R.L.W.).
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Pigure 1. Molecular structure of {[(MeBSiCHZ)ZAs]3Ga}2 (1). Selected

distances (R) and angles (°) are: Ga-As1 2.581(1), Ga-As2 2.478(2), Ga-As3

L !

2.476(2), Ga-As1' 2.540(1), Ga'-As1' 2.540(1), Ga'-As2' 2.470(1), Ga'-As3'

2.474(2), Ga'=As1 2.559(1), As1-Ga-As1' 83.58(4), As1-Ga'-As1' 84.04,

' o' ol i @
LA

Ga-As1-Ca' 94.57(4), Ga-As1'=Ga' 96.02(4), As2-Ga-As3 122.37(5),

As2'~Ga'-As3' 113.68(5), C111-As1-C121 103.0(4), C111'=As1'=C121"' 104.7(4).
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FPigure 2. The nonplanar (Ga-As)2 ring of compound 1.

Ry 2T
<L

L X%

.

- P AR
WP WA, R

-

._‘, e
AR

-6-
e b T e S By N ey s L e e e N T N e N

- - -
e

=




ol o s

T 2an3}4 -L=

A (%) / s

—a
9Z12 ‘
124 8)

44

11D

172

108 53 . .

\)
€1 \ O

sy

+9120 . .

\ 9262 + B

Wt NN G-

o8 /
+112D
o£122 1220

€162 /A%
: ez ) Iers ' TZIn
’ ; \ ).\ / +911D

Y4 %) .NN«W/ 2160

Pe - e S S

1484

ol n.‘-‘!-.! -\-\I'. -) ] ‘-..I “v X AL, tnu \.-- L i g .- .....».-...v...\-. s I\J\-. '--.-- ...- .r rr Pl L ks \-\ﬂ.\ £ 5 h ‘--nhrﬂu -?i I ﬂ;\:ﬁii -‘t-.\- '.

'!

o |

L

pe

o

Pig

sis

<
RV

e

;’-J-'r ;-. _‘

S A
PRCRRRAY,

2,0 _¢.¢

879






TH &k

N

4, x Xy
Pl

-

PN

]

x

DL/1113/86/2

TECHNICAL REPORT DISTRIBUTION LIST, GEN

No.
Copies

Office of Naval Research 2
Attn: Code 1113
800 N. Quincy Street
Arlington, Virginia 22217-5000
Dr. Bernard Douda 1
Naval Weapons Support Center
Code 50C
Crane, Indiana 47522-5050
Naval Civil Engineering Laboratory 1

Attn: Dr. R. W, Drisko, Code L%
Port Hueneme, California 93401

Defense Technical Information Center 12
Building 5, Cameron Station high

Alexandria, Virginia 22314 quality
DTNSRDC 1
Attn: Dr. H, Singerman

Applied Chemistry Division

Annapolis, Maryland 21401

Dr. William Tolles 1

Superintendent
Chemistry Division, Code 6100
Naval Research Laboratory

Washington, D.C.

20375-5000

Dr. David Young

Code 334

NORDA

NSTL, Mississippi 39529

Naval Weapons Center

Attn: Dr. Pon Atkins
Chemistry Division

China Lake, California 93555

Scientific Advisor

Commandant of the Marine Corps
Code RD-1

Washington, D.C. 20380

U.S. Army Research Office

Attn: CRD-AA-IP

P.0. Box 12211

Research Triangle Park, NC 27709

Mr. John Boyle

Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112

Naval Ocean Systems Center
Attn: DOr. S. Yamamoto

Mar ine Sciences Division

San Diego, California 91232

No.
Copies




-

Tt s =

N

LY
-

-

i

ALY

»

v

3

™ ‘i‘ S
L)

2.

£

3V

1'4.

-

~

44::e=¢:T
XA
. DRI -

*
“r
'

v
'

.

[y

LA




